Ribosomes from rice embryos (Oryza sativa) were dissociated into ribosomal subunits in vitro by systematic reduction of the MIg2+ concentration. Ribosomes from imbibed (28 C) embryos were more easily dissociated than those from nonimbibed embryos. This was not observed with ribosomes from either imbibed, nonviable embryos, or from embryos imbibed at 0 C. Ribosomes from embryos which had been imbibed and subsequently dehydrated resembled ribosomes from nonimbibed embryos in their resistance to dissociation. The change in the resistance to dissociation was essentially complete after the first 20 minutes of imbibition at 28 C, and accompanied activation in vivo of protein synthesis as determined by amino acid incorporation in vitro. Ribosomes from either imbibed or nonimbibed embryos could be dissociated into subunits by 0.5 M KCI. These subunits were separated by density gradient centrifugation, and, if recombined, were active for polyphenylalanine synthesis in vitro. The individual subunits prepared from nonimbibed embryos could be replaced by the corresponding subunit fraction from imbibed embryos without loss of capacity to support polyphenylalanine synthesis. The change in the ease of dissociation of ribosomes appears to be a physiological process, and its possible relationship to the initiation of protein synthesis during seed germination is discussed.
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Seed germination is accompanied by an activation of protein synthesis, and in the case of cereals, this includes the formation of polyribosomes (10, 12) . The messenger RNA, tRNA, soluble factors, aminoacyl-tRNA synthetases, and ribosomes required to form these polyribosomes appear to be present in the dry (nonimbibed) cereal embryo (3, 10, 11) . However, the manner in which these various components are organized into an active protein synthesizing system during germination is not understood.
The results reported here suggest that ribosomes from imbibed rice embryos are more easily dissociated into ribosomal subunits than ribosomes from dry embryos. Since this change in the ease of dissociation occurs immediately after the beginning of germination, it may be part of the physiological process which results in the activation of protein synthesis. It should be noted that ribosomes from fertilized eggs of sea urchins have also been reported to dissociate more easily than those from unfertilized -eggs (9) . Crude ribosomal preparations from imbibed embryos would be expected to contain a certain amount of polyribosomes (12) .
METHODS
In order to determine if dissociation of these polyribosomes was also contributing to the appearance of subunits, polyribosomes were isolated from imbibed embryos and subjected to gradients containing various amounts of Mg2+ (Fig. 3) . As Figure 1 except only 100y,l of preparation (1.6 A260 units) and a 10 mm flow cell was employed. The RNase-treated sample was exposed to 0.15 ,Ag RNase at 2 C immediatelv before lavering on the grradient. to that observed for ribosomes from dry embryos (compare Figs. 1 and 6 ).
It has been previously reported that isolated wheat embryos may be imbibed for approximately 24 hr and then dehydrated without loss of viability (3). This also was found to be true for rice embryos. However, the ease of dissociation of ribosomes from imbibed-dehydrated embryos was similar to that observed for ribosomes from dry embryos and was identical with the profiles in Figure 6 . The alteration in the ribosomes which was responsible for their increased tendency to dissociate was apparently reversed during dehydration. If the dehydrated embryos (7-9% H2O) were again permitted to imbibe water, the ribosomal preparations were again typical of ribosomes from imbibed embryos.
Water was absorbed very rapidly by isolated rice embryos Approximately 75 % of the water that was absorbed during the 1st hr was acquired during the first 5 min (Fig. 7) . However, the in vitro amino acid incorporating ability of the ribosomal preparations did not begin to increase until between 5 to 10 min after the start of imbibition. Figure 8 shows the absorbance profiles of iibosomal preparations that had been subjected to centrifugation on density gradients containing 0.5 mrm Mg2+. Some modification of the absorbance pattern (compared to ribosomes from dry embryos; see Fig. 1 (14, 16) . These subunits could be separated and were active in protein synthesis if recombined. Crude rice ribosomes also were completely dissociated by treatment with 0.5 M KCI (Fig. 9) . If the KCI was removed by dialysis, these subunits recombined to form 80 S ribosomes. Ribosomes prepared from either dry or imbibed embryos were completely dissociated and recombined by this procedure. Under the conditions employed, the concentration of Mg2 in the ribosomal suspension during dissociation of the ribosomes with 0.5 M KCI was critical if subsequent reassociation of the ribosomal subunits was desired. At 1 mm Mg2 the ribosomal subunits did not readily reassociate into 80 S ribosomes after removal of the high KCl concentration, and the 80 S ribosomes that were formed were not as active in polyphenylalanine synthesis (Table I) . 1 Crude ribosomal preparations in resuspension buffer were treated with 0.5 M KCl in the presence of the indicated concentrations of Mg2+. The preparations were then dialyzed against resuspension buffer containing the indicated concentration of Mg2+ and assayed for the capacity to support polyphenylalanine synthesis as described in "Methods." Employed in the assay were 0.075 A260 units of ribosomes.
-- Ribosomal subunits were prepared from either dry (D) or imbibed (I) (20 min, 28 C) embryos as described in "Methods." Polyphenylalanine synthesis was assayed according to procedure detailed in "Methods." All subunit fractions contained 1.6 A260 units/ml.
In order to demonstrate that the ribosomal subunits formed by dissociation of 80 S ribosomes could support polyphenylalanine synthesis, the individual 40 and 60 S subunits were separated by sucrose density gradient centrifugation as described under "Methods." The individual subunits were prepared from crude ribosomal preparations derived from both dry and imbibed embryos. Neither the 40 nor 60 S subunit fraction could individually support active polyphenylalanine synthesis (Table II) . Both subunits were required for active polyphenylalanine synthesis. In addition, it was found that the individual subunit fractions prepared from dry embryos could be replaced by the corresponding subunit fractions prepared from imbibed embryos without loss in capacity to support polyphenylalanine synthesis.
DISCUSSION
The experiments reported here suggest that ribosomes prepared from dry rice embryos are more resistant to dissociation in vitro than ribosomes from imbibed embryos. Since at the present time there is no clear picture of the mechanism whereby the two ribosomal subunits of an 80 S ribosome from eucaryotic tissue are joined together, it is impossible to readily associate the change with a particular property, structure, or component of the ribosome. It is interesting to note that an intermediate form of ribosomal particle which sediments between the monomer and large subunit is detected in vitro prior to the appearance of subunits (see Figs. 1, 4, and 6 ).
Recent reports have suggested that 80 S ribosomes complexed with messenger RNA and peptidyl tRNA are more resistant to dissociation than free 80 S ribosomes (8, 13) . However, the increased stability of the ribosomes from dry rice embryos to dissociation does not appear to be the result of the presence of messenger and peptidyl tRNA on the ribosomes. It has already been demonstrated by studies in vitro that dry cereal embryos contain very few polyribosomes (10, 12) . In addition, incubation of the rice ribosomes from dry embryos in vitro with puromycin under various conditions had no effect. Finally, since monosomes and polyribosomes are equally resistant to dissociation at reduced Mg2 concentrations, ribosomal preparations from dry embryos should have been similar to rice polyribosomes in their resistance to dissociation if they contained substantial quantities of monosomes (13) .
The change in the ribosomes during imbibition which makes them less resistant to dissociation may be a physiological process.
Ribosomes prepared from embryos that had been imbibed at 0 C did not demonstrate this change. Neither did ribosomes prepared from imbibed, nonviable embryos. Examination of ribosomal preparations from embryos that have been imbibed and dehydrated suggested that theprocess was reversible. This, incidentally, seems to rule out any ribosomal degradative process in vivo which might be activated during imbibition. Neither NaF nor cycloheximide in the imbibing medium had any influence on the change in the ease of dissociation which accompanies imbibition. Since both drugs inhibited polyribosome formation, they presumably penetrated the embryos. This suggested that neither energy generation nor active protein synthesis is required. Incidentally, it should also be mentioned that no evidence for the presence of a "dissociation" factor on ribosomal subunits from imbibed rice embryos has yet been found (18) .
The possibility was considered that there was an activation of RNase activity during imbibition of rice embryos. This could be a reversible physiological process and the activity might be localized within the cell. Disruption of the cell structure during homogenization would release the RNase which could then attack the ribosomal RNA and thereby render the ribosomes less resistant to dissociation in vitro. RNase activity in various preparations from dry and imbibed embryos (20 min, 28 C) was assayed by measuring the hydrolysis of 14C-RNA. Crude homogenates, crude ribosomal preparations, and 150,OOOg supernatant fractions were assayed, but no differences in activity were detected between similar preparations from dry or imbibed embryos. RNase activity in all ribosomal preparations was very low and could only be demonstrated by incubation for 1 hr at 28 C. Since no activation of RNase could be detected, it appears unlikely that the observed differences in ribosomal dissociation were due to RNase action. In order to further substantiate this conclusion, RNA was isolated from ribosome preparations of dry and imbibed embryos and subjected to polyacrylamide gel electrophoresis. The absorbance patterns were identical. The fact that subunits derived from ribosomes of dry and imbibed embryos were equally active in vitro again suggests that the increased tendency of ribosomes from imbibed embryos to dissociate is not due to partial degradation.
It is difficult to relate the proportion of subunits, ribosomes, and polyribosomes existing in vivo to the proportion of these same components in a homogenate (7, 17) . As a result, one may conclude that there is an increased tendency for ribosomes from imbibed rice embryos to dissociate into subunits in vitro but there is no evidence that this potential is realized in vivo.
With the above reservations in mind, it is interesting to speculate on the possible significance of the fact that ribosomes from imbibed embryos dissociate more easily into subunits than ribosomes from dry embryos. Is it possible that dissociation of the 80 S ribosomes into subunits in vivo is the initial event in activation of protein synthesis during germination? It is well established that initiation of protein synthesis in microbial systems requires the attachment of messenger RNA to the small subunit. This is followed by the addition of formylmethionyl tRNA and the large subunit (15) . A similar system may operate in eucaryotic cells (6) . In cereals, therefore, it is plausible that dissociation of the
